Introduction
============

Type 1 diabetes mellitus (T1DM) is associated with insulin deficiency which is secreted from the pancreatic beta cells[@B1]. T1DM is classified as either autoimmune (type IA) or idiopathic (type IB) diabetes. The major form of T1DM is type 1A, which occurs when autoantibodies attack and destroy pancreatic islet beta cells (80-90%), causing the pancreas to produce little or no insulin. Islet autoantibodies are not present in type 1B disease[@B2].

Recently, the number of T1DM patients has increased in Korea and elsewhere[@B3],[@B4]. Although the incidence of T1DM in Korea is low compared to the rest of the world, the prevalence of the disease in children has increased in recent years[@B3],[@B5]. According to reports, the incidence of T1DM in patients younger than 15 years in Seoul from 1985 to 1988 was 0.7 per 100,000/yr, and this has now increased to 1.35 per 100,000 per year[@B6],[@B7]. Some reports also showed that the age of onset of T1DM has decreased and that young patients with T1DM have a higher level of islet autoantibodies than older individuals[@B8],[@B9].

In this study, we investigated the age of the patients at the onset of T1DM and the duration-specific incidence of islet autoantibodies in patients newly diagnosed with T1DM during the last 20 years in Jeollabuk-do.

Materials and methods
=====================

1. Subjects
-----------

The enrolled patients were newly diagnosed with T1DM in the Department of Pediatrics and Internal Medicine of Chonbuk National University Hospital between January 1991 and December 2010. The diagnostic criteria for T1DM included: 1) newly diagnosed T1DM with diabetic ketoacidosis, 2) a serum C-peptide level below 0.6 ng/mL, and 3) if the serum C-peptide level was above 0.6 ng/mL, the patient required insulin treatment to maintain blood glucose levels[@B10]. We excluded the following: 1) when the type of diabetes changed to T2DM during the 6-month follow-up, 2) when the diabetes occurred secondary to other causes, 3) when the neonatal diabetes occurred, and 4) when there were no data on the concentrations of islet autoantibodies.

2. Method
---------

We obtained demographic and laboratory data on the patients, such as age, gender, body mass index, serum glucose level, serum pH, urine ketone, serum insulin, serum C-peptide, and glycosylated hemoglobin (HbA1c) level, from hospital records on the day they were newly diagnosed with T1DM. The patients\' blood glucose levels in serum were measured at admission. Their insulin and C-peptide levels were analyzed in serum after fasting for 8 hours or more. The autoantibodies to glutamic acid decarboxylase (GAD), insulin, and islet cell autoantigen 512 (ICA512) were measured. The levels of autoantibodies were confirmed within 1 year of the onset of T1DM and 1 year after the diagnosis of the disease. When the patients were assessed the levels of autoantibodies more than 1 year after the diagnosis, we estimated the duration of T1DM. The concentrations of antiglutamic acid decarboxylase antibody (anti-GAD Ab) were measured by immunoradiometric assay using GAD Ab assay kit (RSR Ltd., Cardiff, UK), and patients were considered anti-GAD Ab positive when the concentration was above 0.9 unit/mL[@B11]. Concentrations of insulin autoantibodies (IAAs) and ICA512 were measured by radioimmunoassay (RIA) using AIA-100 kit (Biosource, Nivelles, Belgium) and IA-2 Ab Cosmic kit (RSR Ltd.). An IAA level above 7% was considered positive[@B11]. Patients were deemed positive for ICA512 at a level of 0.4 unit/mL.

To compare the concentration and the incidence of the islet autoantibodies, we classified the patients according to their ages. They were divided as follows: a preschool group (group I, 0-5 years old), an children group (group II, 6-12 years old), an adolescent group (group III, 13-19 years), and an adult group (group IV, above 20 years). We further subdivided them into two groups: prepuberty (0-12 years) and postpuberty (older than 13 years).

3. Statistical methods
----------------------

All data were analyzed using IBM SPSS ver. 18.0 (IBM Co., Armonk, NY, USA). The Student *t* test, chi-square test, and one-way analysis of variance were used for the analysis of the variables. The Pearson correlation analysis assessed the relationship between the concentrations of the islet autoantibodies and the other parameters. The independent two-sample *t* test was used to compare the levels of autoantibodies within 1 year of the disease onset and 1 year after the diagnosis. All the variables are expressed as the mean±standard deviation (SD). For all analyses, *P*\<0.05 was considered statistically significant.

Results
=======

1. Gender and age distribution
------------------------------

One hundred thirty-seven patients with new-onset T1DM were enrolled. The study group consisted of 72 women (52.6%) and 65 men (47.5%). The mean age of the whole group was 16.17±9.89 years old. There were 16 patients (11.7%) in the preschool group (group I), 51 (37.2%) in the children group (group II), 30 (21.9%) in the adolescent group (group III), and 40 (29.2%) in the adult group (group IV) ([Table 1](#T1){ref-type="table"}). The mean of disease duration was 5.41 years in patients measured 1 year after the diagnosis.

2. Comparison of clinical and laboratory characteristics among each age group at diagnosis
------------------------------------------------------------------------------------------

The serum glucose level was significantly different among the four groups (*P*\<0.05). It was particularly high in group I compared to the other groups (499.9±286.1 mg/dL). There was no significant difference among the groups with respect to gender and the incidence of clinical symptoms (polyuria, polydipsia, change of consciousness) at the time of diagnosis (data not shown). There was also no significant difference according to HbA1c level, arterial pH, and bicarbonate levels. In addition, there was no significant difference among the groups in terms of serum C-peptide and HbA1c levels. However, group I showed the lowest values for these parameters among the four groups ([Table 1](#T1){ref-type="table"}).

3. Comparison of the incidence of positive islet autoantibodies between the prepuberty and postpuberty groups within 1 year of the diagnosis
--------------------------------------------------------------------------------------------------------------------------------------------

Islet autoantibodies were measured within four weeks of the diagnosis in most of patients, excepting just one case which was measured within eight weeks of the diagnosis. The overall prevalence of positive islet autoantibodies (anti-GAD Ab, ICA512, or IAA) was 71.43%. Of these, anti-GAD Ab was detected in 66.28% (57/86) of the patients, ICA512 was detected in 54.17% (13/24), and IAAs were present in 35.63% (31/87). There was a significant difference between the prepuberty and postpuberty groups (*P*\<0.05) in the prevalence of positive islet autoantibodies. The prevalence of islet autoantibody-positive patients in the prepuberty group (80.00%) was significantly greater than in the postpuberty group (58.33%). In addition, a significantly higher percentage of patients in the prepuberty group (74.51%, 47.17%, and 66.67%) tested positive for anti-GAD Ab, ICA512, and IAA than in the postpuberty group (54.29%, 17.65%, and 16.67%) ([Table 2](#T2){ref-type="table"}).

In the analysis of the mean levels of islet autoantibodies, no significant difference was observed among the groups with respect to the mean anti-GAD Ab and ICA512 concentrations, However, the mean IAA level was significantly greater in the prepuberty groups (group I and II) than in the postpuberty groups (group III and IV) (*P*\<0.001) ([Fig. 1](#F1){ref-type="fig"}).

4. Comparison of the prevalence of positive islet autoantibodies by disease duration
------------------------------------------------------------------------------------

The number of patients who tested positive for islet autoantibodies (anti-GAD Ab, ICA512, or IAA) within 1 year of the disease onset (71.43%) and 1 year after (67.68%) the diagnosis showed no significant difference ([Table 3](#T3){ref-type="table"}). There was no significant difference in the prevalence of ICA512-positive patients (data not shown, *P*\>0.05). However, the prevalence of anti-GAD Ab-positive patients was significantly greater within one year of the onset of the disease than 1 year after the diagnosis. The prevalence of IAA-positive patients was significantly greater within one after the onset of the inset of the disease than 1 year after the diagnosis ([Table 3](#T3){ref-type="table"}, [Fig. 3](#F3){ref-type="fig"}) (*P*\<0.05). Group I showed the highest percentage decrease (from 81.82% to 11.11%) in the prevalence of anti-GAD Ab-positive autoantibodies, followed by group II (from 72.50% to 48.15%) (*P*\<0.05). There was no significant difference in this parameter between group III and IV ([Fig. 2](#F2){ref-type="fig"}) (*P*\>0.05). The overall prevalence of IAA-positive autoantibodies increased significantly from 35.63% within 1 year of the diagnosis to 53.41% 1 year after the diagnosis. The highest increase was observed in group I (41.67% to 92.31% from) and group II (48.78% to 72.22%). Group III and IV showed no significant difference in the overall prevalence of IAA-positive autoantibodies ([Fig. 3](#F3){ref-type="fig"}).

5. Correlation of levels of islet autoantibodies with laboratory findings
-------------------------------------------------------------------------

The levels of HbA1c at the time of measurement of islet autoantibodies were not correlated with anti-GAD Ab levels and IAA levels. Also, there was no significant correlation between the levels of islet autoantibodies and any of the other laboratory findings (data not shown).

Discussion
==========

DM has been steadily increasing in children and adolescents worldwide. Accordingly, there is a need for early diagnosis and appropriate treatment or management. There has been some research on methods to diagnose the disease while it is still at an early stage[@B12]-[@B14]. As described earlier, T1DM is separated type 1A diabetes for immune mediated diabetes and type 1B diabetes for nonimmune diabetes with severe insulin deficiency[@B1],[@B2]. And T2DM is idiopathic diabetes with insulin resistance. The studies have shown that the majority of DM in children and adolescents is T1DM[@B1]. But the recent rise in the numbers of cases of T2DM highlights the need to distinguish T1DM and T2DM[@B15]. Besides the age of patients at the onset of the disease and their clinical symptoms, it can be difficult to distinguish T1DM and T2DM. So, the following has been used to classify the type of DM: insulin, C-peptide, and ketoacidosis in serum and ketone bodies in urine[@B16]. Several studies[@B17]-[@B20] reported the presence of ketoacidosis in patients with T2DM; they also reported that the age at which patients develop T2DM is decreasing, with younger patients now presenting with this disease. These findings contribute to the difficulty in differentiating between the two types of DM and to the change in the diagnosis during the follow-up. Recently, the test on autoantibody-related with pancreas has been developed for the purpose of the classification, diagnosis, and treatment of DM[@B12]-[@B14].

Lee et al.[@B12] reported that 50-70% of T1DM patients tested positive for islet autoantibodies at the time of diagnosis and that the rate decreased as DM progressed. In our study, 68.9% tested positive for islet autoantibodies within 1 year of being diagnosed, and the rate slightly decreased 1 year later. The incidence of positive islet autoantibodies differed, depending on the age group. Within 1 year of the diagnosis, the positive rate of autoantibodies decreased according to the age group: 84.6% in the preschool group, 78.6% in the children group, 66.7% in the adolescent group, and 52.4% in adult group. In the comparison between the prepuberty and the postpuberty groups, the prevalence of anti-GAD Ab-, ICA512-, and IAA-positive patients was higher in the prepuberty groups than in the postpuberty groups. Previous studies[@B21],[@B22] reported that younger subjects showed higher levels of islet autoantibodies to T1DM. However, the cause was not clearly identified[@B21],[@B22]. The research by Kordonouri et al.[@B21] showed that concentrations of anti-GAD Ab and IA-2 Ab were higher in a pubertal group than in an adult group, both of which were healthy and not diagnosed with DM. This difference in the positive rate of islet autoantibodies among the age groups is also seen in diseases other than T1DM, with one study reporting apparent differences in the concentration of total immunoglobulin among different age groups, suggesting that antibody concentrations can vary among different age groups[@B23]. However, further analyses are needed to confirm this.

The ICA, which was the first pancreatic autoantibody to be found, shows a peak concentration during the early stages of T1DM and slowly decreases afterwards[@B24],[@B25]. The concentration of anti-GAD Ab also decreases as T1DM progresses. However, some reports[@B24] indicate that the anti-GAD Ab shows a slower reduction in titer than ICA. Therefore, it can be detected for an extended period after the onset of T1DM. However, in the present study, the positive rate of pancreatic autoantibodies showed a sharp decrease from 66.3% to 39.2% within and after 1 year of the diagnosis, respectively. This decrease in the positive rate of autoantibodies was particularly prominent in the preschool group and not as noticeable in the adult group. This result is thought to be related to the destruction of pancreatic beta cells. In other words, as the disease progresses and the number of pancreatic beta cells decrease, the autoantibody titer shows a sharp decrease, as there is no more antigen to respond[@B26].

In patients with T1DM, anti-insulin antibody is produced through two different mechanisms. In the first mechanism, an autoimmune response leads to the production of IAA. In the second mechanism, the immune response to external sources of insulin results in the production of insulin antibody. Some studies reported[@B27] that antibody production following insulin injections was not a significant factor in the regulation of diabetes. However, others[@B28] suggested that anti-insulin antibodies can considerably affect the biological activity of insulin. Therefore, the clinical importance of anti-insulin antibodies remains controversial. IAA is produced in an antigenic manner during the destruction of pancreatic beta cells and IAA-positive patients become IAA negative shortly after the onset of the disease. IAA is thought to cause cross-reactions with anti-insulin antibodies. The RIA used to measure IAA in this study cannot differentiate IAA from the insulin antibodies formed after insulin injections[@B29],[@B30]. According to our study, the positive rate of IAA was 35.6% in the follow-up period less than 1 year after the diagnosis of the disease, and it increased up to 53.4% after more than 1 year. However, most of the patients who were IAA-positive within 1 year of the diagnosis were diagnosed when the disease was at an early stage and before they had received insulin treatment. Thus, the prevalence of positive IAA was actually 35.6%, and the prevalence of IAA after more than 1 year after diagnosis of T1DM, including the anti-insulin antibody, was 53.4%. Consequently, the incidence of IAA-positive patients at the time of diagnosis was significantly higher in the prepuberty groups than in the postpuberty groups, and the incidence was increased significantly in the preschool and children groups more than 1 year after the diagnosis.

In our study, HbA1c was not associated with anti-GAD Ab and IAA, as another study found no significant relationship between the concentrations of islet autoantibodies and other clinical charicteristics[@B29].

The positive rates of islet autoantibodies differed, depending on the duration of diabetes and the age of the patient at the onset of the disease. However, additional study is needed to confirm this finding due to the following limitations of the our study: the follow-up period was too short, the size of the group was too small, and the method of IAA interpretation cannot differentiate IAA from the insulin antibodies formed after insulin injections.

Consequently, the positive rate of islet autoantibodies in T1DM was significantly lower in the adolescent and adult groups than the preschool and children groups. So carefully, we need to diagnose type 1B diabetes distinguished T2DM in aldolescent group. Based on our findings, islet autoantibodies may aid the differential diagnosis of diabetes at an early stage of the disease. In addition, the positive rate of anti-GAD Ab and IAA were significantly changed in accordance with the increase in the duration of the disease. So, additional study is needed to shed light on the relationship between the etiology of T1DM and autoantibodies. Future studies of autoantibody tests, such as the anti-GAD Ab test, should also be conducted to diagnose high-risk groups of diabetes patients without symptoms.
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Characteristics among the each age groups in patients with type 1 diabetes
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Values are presented as mean±standard deviation (no. of patients).

BMI, body mass index; HbA1c, glycosylated hemoglobin; HCO3, hydrogen carbonate.

^\*,\ †,\ ‡^Statistical significances were tested by one way analysis of variances among groups. The same markers indicate nonsignificant difference among groups based on Duncan multiple comparison test.
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Prevalence of pancreatic autoantibodies between prepuberty and postpuberty group in patients with type 1 diabetes diagnosed within 1 year of onset
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Values are presented as prevalence rate (no. of patients).

Anti-GAD Ab, antiglutamic acid decarboxylase antibody; IAA, insulin autoantibody; ICA512, islet cell autoantigen 512.
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Prevalence rate of pancreatic autoantibodies in patients with type 1 diabetes between diagnosed within 1 year and after 1 year
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Values are presented as prevalence rate (no. of patients).

Anti-GAD Ab, antiglutamic acid decarboxylase antibody; IAA, insulin autoantibody; ICA512, islet cell autoantigen 512.

^\*,\ †,\ ‡^Statistical significances were tested by one way analysis of variances among groups. The same markers indicate nonsignificant difference among groups based on Duncan multiple comparison test.
